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Introduction  
My intent is to introduce an evolutionary perspective into Information Systems research, particularly in the 
area of innovation diffusion. It is especially appropriate for information technologies for which marginal 
utility increases with increased adoption and use (Arthur 1989). The evolutionary perspective emphasizes 
the simultaneous diffusion of multiple similar technologies, and the on-going co-evolution of technological 
and social institutions. This perspective suggests that as individuals and groups use multiple similar 
technologies (such as microcomputers, word processors and spreadsheets) to perform their work, both the 
technologies and the organizational practices co-evolve as they undergo qualitative changes. The change 
process occurs as people substitute new technologies for traditional technologies, combine multiple new 
technologies together, and experiment with, modify, and reinvent technologies and practices. Technology 
producers observe these changes via feedback from their customers and incorporate changes into their new 
and revised products. The evolutionary metaphor does more than provide a view of technological change as 
an on-going process, however; it also helps explain why some technologies--not necessarily the superior 
ones--survive and others fail. It provides a model in which we can view technological change as a process 
in which future technologies incorporate concepts, features, and user reinvention of multiple ancestor 
technologies.  
The most successful framework for innovation diffusion and technology reinvention is based on the work 
of Rogers (1986; Rice and Rogers 1980). However, most innovation diffusion research focuses on the rate 
of adoption and ignores qualitative technology reinvention (Tornatzky and Fleischer 1990; Tornatzky and 
Klein 1982). Observers (Allen 1982; Attewell 1992; Markus 1987b, 1990; Silverberg 1991; Tornatzky and 
Fleischer 1990), have recently noted that traditional innovation diffusion theory has other inadequacies, 
particularly for multi-user information technologies. Research on innovation diffusion within organizations 
tends to focus on the diffusion of a single innovation (Rogers 1986) that remains relatively stable 
throughout the diffusion process, whereas similar technologies may diffuse together within organizations, 
and the use of one may influence the adoption and use of the others (Silverberg 1991). This research also 
may overemphasize the role of individual decision making, since innovation diffusion theory was used 
originally with single-user innovations (e.g., hybrid seeds in agricultural research).  
Evolutionary Concepts  
Evolutionary economics, the basis of the evolutionary perspective, is related to the field of economic 
history. David's (1985) work on the QWERTY keyboard is a well-known application of the evolutionary 
perspective. Nelson and Winter's book (1982) on evolutionary economics provides a theoretical antecedent 
(Cohen and Levinthal 1990). This abstract highlights some of the key concepts from the evolutionary 
approach and provides a short example of its application.  
Business (Technoeconomic) Cycles.  
A long-term business cycle is made up of many shorter diffusion cycles of individual technologies and 
clusters of related technologies. For example, the diffusion cycle of a pervasive technology such as the 
computer is composed of a cluster of innovations that includes computer hardware, operating systems, 
software, networks, and training materials. The process of diffusion in a long-term cycle follows a certain 
sequential pattern with phases with distinctive characteristics. However, the outcome of the diffusion 
process (the nature of the dominant technologies that survive) cannot be predicted, because network 
externalities amplify chance events, particularly early in the cycle (Arthur 1988, 1989). Technology firms 
try to capitalize on this phenomenon by being first to market. For example, Microsoft has jumped into the 
emerging Internet market because Netscape has begun to dominate it. The products both companies are 
giving away to the public are still quite unstable and immature.  
In the initial phase of a cycle, new technologies are introduced into the existing system. A transitional 
phase follows that culminates with a paradigm shift that involves a transition to a new technoeconomic 
paradigm (Grübler 1991; Nakicenovic 1991). After the shift, the cycle begins to decline with 
standardization and elaboration of the technologies, and eventual replacement by the emergence of a new 
long-term cycle that involves new technologies better suited to changed environmental conditions. These 
long-term cycles extend over a period of about 60 years (Goldstein 1988). This process of diffusion is 
nonlinear and dynamic (Ayres and Ezekoye 1991).  
During the earliest introductory phase of a business cycle, an increasing number of new technology options 
are introduced into the existing technological system (Sahal 1981). Firms adopt multiple variants of the 
same or similar technologies to acquire knowledge about them, because there are uncertainties about which 
technologies will survive the market selection process and firms do not want to be left behind (Cohen and 
Levinthal 1988; Willinger and Zuscovitch 1988). During this early phase, evaluations of new technologies 
are performance-based rather than cost-based (Ayres and Ezekoye 1991; Grübler 1991). Passage from the 
introductory phase into the transitional phase is marked by new practices that develop as individuals and 
groups experiment and redesign systems by recombining ideas or uses from several technologies. During 
the earliest part of this transitional phase, traditional technologies may be improved to help them compete 
with new technologies (Sahal 1981). New technology uses may develop when individuals combine them 
together into one complementary use that was not present earlier, or when new uses for one new medium 
are suggested by uses that are substitutable for another new medium.  
The people who use multiple technologies begin to think about them collectively rather than singly. 
However, their uses are not yet locked in or institutionalized, so that experimentation is possible, and 
inductive learning-by-doing occurs (Dosi and Orsenigo 1988; Nakicenovic 1991). Features of different 
technologies are combined by both developers and consumers. The behavior of individuals, who perform 
the natural selection in technological evolution, is not limited to rational deductive choices, but new 
technology uses emerge through inductive processes that include trial-and-error (Basalla 1988). During this 
time, highly variable, nonaverage effects that may involve idiosyncratic uses of the technology may be 
greatly amplified if the environment changes (Dosi and Orsenigo 1988). In this way, social practices evolve 
through qualitative changes that are better adapted to the changing environment. At the same time, the 
results of localized experiments are fed back into research-and-development groups who change the 
technologies to suit consumer requirements. 
Eventually the new technological systems achieve an economic viability and develop a momentum of their 
own (Willinger and Zuscovitch 1988) and an irreversible technological trajectory is established (Dosi 1988; 
Dosi and Orsenigo 1988; Grübler 1991). This process is self-organizing (Grübler 1991; Silverberg, Dosi 
and Orsenigo 1988) in the sense that "the evolution of the system is the largely unintentional outcome of 
the coupled dynamics between technological progress (innovation, learning, etc.), strictly economic 
activities (investment, pricing, financing, competition for market shares), and the institutions governing 
decisions and expectations" (Dosi and Orsenigo 1988:21).  
When the accumulation of knowledge about the new technologies is sufficient, the paradigm shift is 
marked by a qualitative jump--a mutation--in the technoeconomic system (Dosi and Orsenigo 1988). Once 
this shift has stabilized, the surviving new technologies become integrated and provide support for the new 
system (Freeman and Perez 1988). A dominant design emerges, standardization occurs, improvements 
become incremental, and the system grows until it becomes too large and complex and no longer suitable to 
the changing environment. It then begins to degenerate, new technologies emerge, and the transition into 
the next cycle begins (Freeman and Perez 1988). 
The Role of Network Externalities and Adoption  
According to this approach, there are certain goods for which utility increases when the number who adopt 
and use them increase (Katz & Shapiro 1986). Direct network externalities occur when a product, such as 
the telephone, becomes more valuable with each user. Indirect network externalities also exist, for example 
when a consumer chooses a computer with the dominant (although technologically inferior) operating 
system, because the consumer expects better post-purchase support and greater choice in software 
applications.  
This approach also makes important-and different--assumptions about innovation adoption decisions. 
Individuals may adopt multiple similar technologies, rather than just one. Their adoption decisions are 
stochastic over time (Allen 1982), which means that individual adoption decisions may occur anyplace 
along the diffusion curve, and that adoption decisions, once made, may later be reversed as individuals 
decision to "unadopt" in favor of a new similar technology. 
Example 
A simplified illustration of the evolutionary approach can be found in the on-going evolution of computers 
since their inception. The earliest Univac computers were remarkable innovations, but they did not spring 
from thin air: they embodied principles that Babbage formulated in his analytic engine during the early 19th 
century. Organizations substituted these early computers for existing technologies, using them like giant 
calculators to collate and analyze government census information.  
The commercial use of computers only became widespread with the development of 2nd generation 
mainframe computers, which used transistors. The evolutionary approach helps explain why we have not to 
this day seen real productivity gains from computers. During this period (and until relatively recently) the 
information systems developed for these computers were substitutions for existing organizational functions. 
Organizations typically automated activities such as sales order entry, accounting, and inventory control, 
often automating work performed by relatively low-paid employees. Both the equipment and programming 
costs were very high and the organizational practices did not qualitatively improve, which meant costs far 
outstripped organizational benefits.  
The next generation of computers-microcomputers--brought computing to the individual desktop. Many of 
the features that made microcomputers popular were descended from other types of office machines and 
tools: e.g., calculators, typewriters, and desk calendars. Microcomputers proliferated rapidly in 
organizations and involved high purchase costs. They allowed individuals, including managers, 
professionals and semi-professionals, to do much of their own secretarial work. Microcomputers in some 
sense became substitutes for secretarial help in many organizations. As desktop microcomputers and 
laptops became available for home and travel use, working hours often increased to include time people 
spent traveling or at home. Interactive software suitable for entertainment and the education of children 
evolved, often using familiar content from children's games, books, movies or television. Throughout this 
period, the price of microcomputer processing units and memory declined rapidly, but the size of software 
expanded to make increasingly greater amounts of both necessary. The microcomputer era has also been 
dominated by a technological rivalry between Apple and IBM/clone machines. The clear winner of this 
battle is Microsoft, which develops software for both. Although Apple builds technologically superior 
machines, its unwillingness to license its operating system has meant lower adoption rates, because 
customers consider network externalities, such as the availability of software and post-purchase support, as 
well as the likelihood of product market survival, when purchasing these products. 
We now have moved into a new period in which global networks connect computers around the world. 
This networked technology may drastically reduce the cost of information technologies for home and 
office. The possibility that an inexpensive network appliance attached to the Internet will provide 
programs, data, communications, and entertainment may reduce the cost of computing to a point at which 
organizations actually begin to realize those long awaited productivity gains from computers.  
The current competition between Netscape and Microsoft over domination of the Internet market shows us 
the importance of network externalities in the evolution of technologies. Microsoft has dominated the 
microcomputer software market since its operating systems became prevalent in the IBM/clone market, 
Currently, both Microsoft and Netscape give their network browsers away because they realize that early 
domination of a market provides vast benefits from network externalities. If either company can establish 
itself as the de facto standard for Internet access, other companies will develop complementary products, 
and the winner may well stand to continue to dominate the market over the long run.  
Benefits of the Evolutionary Perspective. 
The evolutionary perspective has a number of possible benefits for information systems research. First, the 
ability to handle the simultaneous diffusion of multiple technologies means that it can be used to analyze 
changes that occur when similar information technologies are used together, as they often are in modern 
organizations. Second, the perspective explicitly addresses the issues of trial use and substitutions between 
new and traditional technologies Third, it addresses the various types of interdependencies (both in the 
form of substitution and complementarity) that can exist among the uses of the new technologies that 
contribute to changes in organizational practices. Fourth, it allows us to look at technological and social 
change over time as an intertwined process, in which outcomes are uncertain because nonrational forces are 
in operation. Fifth, the concept of network externalities is particularly well suited to the types of 
innovations that interest us, and it helps explain some of the results we have in innovation diffusion 
research. On this basis, I present the evolutionary approach as one that will yield insight into research on 
the evolution of information technologies and their effects on organizational practices. 
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